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Abstract – There are few reports on the pathogenesis of scrapie (Sc) and Visna/maedi virus (VMV)
coinfections. The aim of this work was to study in vivo as well as post mortem both diseases in 91 sheep.
Diagnosis of Sc and VMV infections allowed the distribution of animals into ﬁve groups according to the
presence (+) or absence () of infection by Sc and VMV: Sc/VMV,S c /VMV+, Sc+/VMVand Sc+/
VMV+. The latter was divided into two subgroups, with and without VMV-induced lymphoid follicle
hyperplasia (LFH), respectively. In both the lung and mammary gland, PrP
Sc deposits were found in the
germinal center of hyperplasic lymphoid follicles in the subgroup of Sc+/VMV+ having VMV-induced LFH.
This detection was always associated with (and likely preceded by) PrP
Sc observation in the corresponding
lymph nodes. No PrP
Sc was found in other VMV-associated lesions. Animals suffering from scrapie had a
statistically signiﬁcantly lower mean age than the scrapie free animals at the time of death, with no apparent
VMV inﬂuence. ARQ/ARQ genotype was the most abundant among the 91 ewes and the most frequent in
scrapie-affected sheep. VMV infection does not seem to inﬂuence the scrapie risk group distribution among
animals from the ﬁve groups established in this work. Altogether, these data indicate that certain VMV-
induced lesions can favor PrP
Sc deposits in Sc non-target organs such as the lung and the mammary gland,
making this coinfection an interesting ﬁeld that warrants further research for a better comprehension of the
pathogenesis of both diseases.
Visna/maedi / scrapie / sheep / coinfection
1. INTRODUCTION
Scrapie and Visna/maedi (VM) are small
ruminant infections that are characterised by a
long incubation period and that are also classi-
ﬁed as slow diseases [46]. The etiology of scra-
pie is the misfolded isoform of the prion protein
(PrP
Sc) that derives from the normal cellular
isoform of the prion protein (PrP
C)[ 39],
whereas VM is caused by a lentivirus called
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Article published by EDP SciencesVisna/maedi virus (VMV) [17] that is similar to
other lentiviruses such as the human immuno-
deﬁciency virus [12]. Scrapie is a neurodegen-
erative disease that belongs to the group of
Transmissible Spongiform Encephalopathies
(TSE) like Bovine Spongiform Encephalopathy
(BSE) and the variant of Creutzfeldt Jakob dis-
ease (vCJD). Scrapie mainly causes neuronal
vacuolation and gliosis of the central nervous
system (CNS) due to the deposition of PrP
Sc
[18]. However PrP
Sc can also be found in the
lymphoreticular system (LRS) prior to the accu-
mulation in the CNS. Apparently, PrP
Sc does
not cause lesions in this system [19]. VM
affects mainly the lungs [45], mammary gland
[35], CNS [47] and joints [9], with the most
characteristic lesions being interstitial pneumo-
nia (IP) and lymphoid follicle hyperplasia
(LFH) in the lungs [34], interstitial mastitis
[10], non suppurative encephalomyelitis and
leukoencephalomalacia [8] and proliferative
arthritis [9]. At the moment there is neither
treatment nor vaccine for these two diseases.
ScrapieandVMarebothendemicdiseasesin
Spain. Scrapie was ﬁrst diagnosed in 1987 [14]
and since the implementation of the active and
passive surveillance systems in 2001, 170 out-
breaks were detected until 2006, and about 527
positive animals have been diagnosed out of
390 941animalstested
1.VMVwasﬁrstreported
i nS p a i ni n1 9 8 4[ 15] and studies on seropreva-
lencehavedemonstratedavariablelevelofinfec-
tion that in certain locations includes almost all
ﬂocks and up to 50% of individuals [38].
PrP
C is widely distributed throughout ovine
tissues [21] and its concentration in the lungs
andmammaryglandisabout20and90-foldless
comparedwiththatinthebrain[33], while PrP
Sc
is mostly locatedin thenervoussystem and LRS
[22, 41]. VMV infection, however, induces
hyperplasia of the LRS in the CNS, lung and
mammary gland. It is therefore possible to
expect an interaction between PrP
Sc and VMV
at the lymphoid tissue level in scrapie target
(CNS) and non-target organs (lungs and mam-
mary gland). Actually, an unexpected/abnormal
PrP
Sc presence associated with chronic inﬂam-
mations has already been reported either in mice
suffering from nephritis, pancreatitis and hepati-
tis [20] and sheep affected by chronic mastitis
induced by VMV infection [6, 25, 27].
The aim of this work was to study the PrP
Sc
presence and possible interaction with VMV in
VM target organs (mainly lungs, mammary
gland and CNS) in naturally scrapie and VM
coinfected sheep.
2. MATERIALS AND METHODS
2.1. Animals and antemortem studies
A total of 91 Rasa Aragonesa ewes, ranging in
age from 1 to 13 years and belonging to the experi-
mental ﬂock from the University of Zaragoza were
used in this study [32]. Scrapie was diagnosed
in vivo by immunohistochemical analysis for PrP
Sc
detection in lymphoid tissue from biopsies of the
3rd eyelid [36]o rr e c t u m[ 16] using mAb L42 anti-
body (R-Biopharm, Darmstadt, Germany; 1:500)
according to previously-described methods [52].
Infection by VMV was diagnosed by serum antibody
detection using a recombinant protein based ELISA
(ELITEST
TM, Hyphen Biomed, Neuville sur Oise,
France) [42]. The animals were clinically examined
for scrapie and VM through periodic examinations
for the presence of clinical signs related to both infec-
tions [35, 45, 51]. Genotype analysis for scrapie-
related codons (136, 154, 171) was performed [1]
a n dg e n o t y p e sw e r ea s s i g n e dt or i s kg r o u p sp r e d e -
ﬁned by the National Scrapie Plan [11].
2.2. Postmortem diagnosis, pathological
and PCR studies
Scrapie infected animals were killed at the end
stage of the disease when showing terminal clinical
signs such as extreme ataxia, tremors and/or pruritus.
VMV infected animals were culled if respiratory dis-
tress and/or cachexia were observed. Four sheep in
the preclinical status were put down due to unrelated
diseases such as bacterial pneumonia and pregnancy
1 Ministerio de medio ambiente y medio rural y
marino (MARM), Ganaderı ´a. Sanidad animal,
Encefalopatı ´as espongiformes transmisibles de los
pequen ˜os rumiantes, Informacio ´n especı ´ﬁca respec-
to a la tembladera o scrapie en pequen ˜os rumian-
tes [on line] http://www.mapa.es/es/ganaderia/pags/
sanidad_animal/caprino/carino.htm#documentos [con-
sulted 20 January 2010].
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overdose (Dolethal, Vetoquinol S.A., Lure, France)
and exsanguinated.
Samples from all tissues including mammary
gland, lung, CNS, mediastinal and mammary lymph
node were ﬁxed in 10% formalinfor histopathological
processing. Samples from the same tissues were also
stored at 80  C for scrapie rapid tests and VMV
PCR evaluation. Scrapie conﬁrmation was performed
by immunohistochemical detection of PrP
Sc in CNS
and lymphoid tissues following previously-described
methods [2, 32]. A subjective assessment of the inten-
sities of PrP
Sc signals obtained by immunohistochem-
i s t r y( I H C )i nt h eC N Sa n dl y m p h o i dt i s s u ei na l l
coinfected animals (Sc+/VM+) was performed. The
PrP
Sc intensity was classiﬁed from  to +++ follow-
ing previously-described scores [5, 49].
The presence of VMV-related lesions in target
organs[8,30]wasstudiedinall91ewesandtheywere
only found inthe lungs and mammary gland but not in
the CNS. Scoring of histological VMV-related lesions
inthelungsandmammaryglandwasperformedonall
coinfected animals. The parameters scored were the
presence of IP (presence of ﬁbrosis, mononuclear cell
inﬁltration and smooth muscle hyperplasia), LFH (+:
< 2 follicles; ++: 3–6 follicles; +++: > 6 follicles per
40·ﬁeld)andbronchialepithelisation.VMVinfection
was veriﬁed only in the coinfected group by PCR
ampliﬁcationofLTR(300 nt)andgag(490nt)regions
oftheVMVgenomeusingpreviously describedprim-
ers and conditions [40]. For ampliﬁcation, genomic
DNA was extracted from tissue samples (mammary
gland and lungs) with a QIAamp
  DNA Blood Mini
Kit (Qiagen, Hilden, Germany).
An animal was ﬁnally classiﬁed as scrapie posi-
tive (Sc+) if PrP
Sc was detected immunohistochemi-
cally in the CNS and/or LRS, whereas an animal was
classiﬁed as VMV positive (VMV+) if the animal
was seropositive for ELITEST
TM. On the basis of the
results obtained, 5 groups were deﬁned: Double neg-
ative (Sc/VM), VMV positive only (VM+), scra-
pie positive only (Sc+) and double positive (Sc+/
VM+). The Sc+/VM+ animals were subdivided into
two further groups depending on the presence or
absence of LFH induced by VMV in the lungs and/
or mammary gland (Tab. I).
2.3. Additional tests in the lungs and mammary
gland
In order to prove the presence of PrP
Sc in the
lungs and mammary gland, four additional tests were
performed to the 14 VMV-scrapie double positive
s h e e ps h o w i n gL F Ha n di n3A R Q / A R Qs h e e pf r o m
each of the other four groups (Tab. II): (1) IHC for
PrP
Sc detection, as applied in the CNS and LRS [2,
32], (2) Western blotting (WB; Prionics
 -Check
WESTERN SR, Zurich-Schlieren, Prionics AG,
Switzerland) using mAb P4 as the primary antibody
(R-Biopharm, Darmstadt Germany; 1:2500) [5], pro-
cessing the sample as described for retropharyngeal
lymph node [26] and (3) two ELISA tests (BioRad
TeSeE
TM sheep/goat, Hercules, CA, USA, and IDEXX
HerdCheck
TM,W e s t b r o o k ,M E ,U S A ) .F o rt h e s e
ELISA, an amount of 350 and 300 mg respectively
were taken from the lungs and mammary gland. Tis-
sues were homogenised using kit gridding tubes and
4 or 5 agitation cycles in both ELISA until the tissue
was correctly homogenised. For BioRad ELISA, the
procedure followed the manufacturer’s instructions
and for the IDEXX ELISA, the ‘‘Standard protocol’’
(as per kit deﬁnition) was selected. Based on the
results of these four tests, a ‘‘Final Result’’ was estab-
lished: a sample was negative if all four tests were
negative but a sample was considered positive if
I H Ca n d / o rW Bw e r ep o s i t i v e ,s i n c et h e ya r et h er e f -
erence standard techniques for the World Organisa-
tion for Animal Health (OIE).
Table I. Number of sheep and mean age in each group. Percentage of animals in brackets.
Group Sc
1/VM
2 Sc/VM+ Sc+/VM Sc+/VM+ Total
With VMV-
associated LFH
Without VMV-
associated LFH
n 10 (10.9) 26 (28.6) 30 (33.0) 14 (15.4) 11 (12.1) 91 (100)
Mean age (years) 8.50 7.46 4.23 5 5.18 5.85
1 Sc: scrapie.
2 VM: Visna/maedi, Sc+/VM+ group was divided into two groups depending on the presence of lymphoid follicle
hyperplasia (LFH) associated to VM infection in the lung or mammary gland.
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In order to detect differences in the mean age
between groups (n = 5), an analysis using the
Duncan test was performed. The four animals killed
inthepreclinical statuswerenotincludedinthisstudy.
3. RESULTS
3.1. Scrapie and VM status
Final classiﬁcation of sheep was achieved
only after the post-mortem analysis and the ani-
m a l sw e r ec l a s s i ﬁ e di n t o5g r o u p s( Tab. I).
Regarding in vivo diagnosis, 41 out of 55 scra-
pie positive animals (74.5%) were detected by
the 3rd eyelid and/or rectal biopsies.
All the scrapie positive sheep (Sc+/VMV
and Sc+/VMV+ groups) showed a signiﬁcantly
decreased mean age (P value: < 0.001) com-
pared to non-scrapie sheep (Sc/VMV and
Sc/VMV+ groups), independently of the pres-
ence of VMV infection or VM-related lesions.
There were no statistically signiﬁcant differ-
ences between the Sc+ groups regarding mean
age (Sc+/VMV and Sc+/VMV+ groups).
Furthermore, no differences in PrP
Sc IHC stain-
ing intensities in CNS and LRS were observed
between Sc+/VM+ sheep with and without
VMV related LFH (data not shown).
VM lesions in the lung and mammary gland
consisted of LFH and diffuse interstitial inﬂam-
mationthatinvolvedmononuclearinﬂammatory
cells, such as lymphocytes, macrophages and
plasma cells. The lung and mammary gland also
presented smooth muscle hyperplasia and ﬁbro-
sis, respectively. In the Sc+/VMV+ group with
VM-induced LFH (n = 14), 2 animals showed
LFH only in the lung (Nos. 4 and 14), 5 only
Table II. VM and scrapie detection in the lung and mammary gland in Sc+/VM+ infected sheep.
Sc+/VM+ with VMV-induced
lymphoid follicle hyperplasia (LFH)
Sc+/VM+
without VMV-
induced LFH
Sheep
1 1 2 3 4 5 6 7 8 9 1 01 11 21 31 41 51 61 7
Organ
2 LMLMLMLMLMLMLMLMLMLMLMLMLMLMLMLMLM
VM Lesion
3 ++ +  ++++++++ ++++ +++ +  ++++
PCR
4 + ++++++++++  ++++ ++++ ++
Sc IHC
5 ++ +  + ++++ +  + + 
WB
6 + ++++  + 
BioRad
7 + + +  ++ 
IDEXX
8 ++++++ + 
Final Result
9 ++ ++++++++ +  + + 
Ln
10 ++ +++++ + ++++  + ++ + ++++++
1 All animals were positive for detection of VMV antibodies (ELITEST
TM, Hyphen Biomed).
2 Organ: L = lung, M = mammary gland.
3 Lesion: presence of VMV-related LFH.
4 PCR: detection VMV-LTR sequences.
5 IHC: detection of PrP
Sc by immunohistochemistry.
6 WB: detection of PrP
Sc by Western blotting (Prionics
 -Check WESTERN SR, Prionics AG).
7 BioRad: detection of PrP
Sc by BioRad ELISA (BioRad TeSeE
TM sheep/goat).
8 IDEXX: detection of PrP
Sc by IDEXX ELISA (IDEXX HerdCheck
TM).
9 Final Result: negative (): all techniques for PrP
Sc detection were negative; Positive (+): IHC and/or WB were
positive.
10 Ln: IHC for PrP
Sc in the associated lymph node (l: mediastinal lymph node, m: mammary lymph node).
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a n d7i nb o t ho r g a n s( N o s .1 ,3 ,6 ,7 ,8 ,1 0
and 13) (Tab. II). The presence of LFH in the
lung and mammary gland was always related
with the presence of interstitial inﬂammation.
Taken together, among the 28 organs analysed
from the 14 Sc+/VMV+ with VM induced
LFH ewes (14 lungs and 14 mammary glands
sampled), 21 showed VM-induced LFH.
A cc or di n gt ot heP C Rre su l t s,1 8o ft he seo r g an s
(9 lungs and 9 mammary glands) were positive
for the VMV genome. In the group Sc+/
VMV+ without VM-induced LFH, the lesions
consisted of IP only, interstitial mastitis only or
both, and 3 of the 6 organs were positive for
VMV provirus for VMV in the PCR (Tab. II).
Regarding scrapie, four additional tests were
used to detect PrP
Sc presence in the lung and
the mammary gland and the results are detailed
in Table II. IHC conﬁrmed the presence of
PrP
Sc in both organs in 3 sheep (Nos. 1, 6
and 7), only in the lung in 3 sheep (Nos. 3, 4
and 14) (Fig. 1A) and only in the mammary
gland in 2 sheep (Nos. 11 and 12) (Fig. 1B).
WB yielded positive results in both organs in
one sheep (No. 3), and only in the lung in 4
sheep (Nos. 1, 4, 6 and 7). BioRad ELISA
w a sp o s i t i v ei nb o t ho r g a n si no n es h e e p
(No. 7) and only in the lung in 3 sheep (Nos. 1,
4 and 6). Finally, IDEXX ELISA was positive
in both organs in 2 sheep (Nos. 3 and 6)
and in the lung in 3 sheep (Nos. 4, 7 and 8).
Figure 1. Detection of PrP
Sc by immunohistochemistry. (A) Lung, scrapie-VM coinfected animal.
Scattered PrP
Sc deposition within the germinal center of a lymphoid follicle close to an alveolar space, 40·.
(B) Mammary gland, scrapie-VM coinfected animal. PrP
Sc deposition within the germinal center of a
lymphoid follicle close to a lactiferous duct, 10·. Insert: Detail of the same image, 60·. (C) Lung, scrapie-
VM coinfected animal. Lack of PrP
Sc detection within the IP, 20·. (D) Mediastinal lymph node, scrapie-
VM coinfected animal. PrP
Sc presence within the germinal centers, 20·. (A color version of this ﬁgure is
available at www.vetres.org.)
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positive for PrP
Sc in both organs (Nos. 1, 3, 6
and 7), 3 ewes were positive for PrP
Sc in the lung
(Nos.4,8and14)and2animalswerepositivefor
PrP
Sc in the mammary gland (Nos. 11, 12).
3.2. Location of PrP
Sc in the lung, mammary
gland and lymph nodes of coinfected
animals
Positive reactions to PrP
Sc were always
observedwithinthegerminalcenteroflymphoid
folliclesasscatteredaggregates(Fig.1Aand1B)
but not all cases with LFH in tissue showing the
simultaneous presence of PrP
Sc (Tab. II). Inter-
estingly, the presence of PrP
Sc was never
observed in other VMV-related lesions such as
interstitialinﬂammationinthelungormammary
gland(Fig.1C).PrP
Scintheregionallymphnode
was also observed within the germinal center of
corticalfollicles(Fig.1D).Finally,PrP
Scpositive
results in the lung or mammary gland were
always seen together with PrP
Sc presence in the
corresponding regional lymph nodes (Tab. II)
but a positive result in those lymph nodes did
not necessarily imply a positive detection in the
lung or mammary gland.
3.3. PRNP genotypes
A summary of the genotype results is shown
in Table III. The 91 animals of this study were
genotyped for PRNP and they were included in
one of the predeﬁned risk groups [11]. Overall,
genotypes from scrapie negative sheep
belonged to risk groups from 2, 3, 4 and 5,
whereas scrapie positive animals were always
included in risk groups 3 and 5. The most fre-
quent genotype was ARQ/ARQ (61 sheep,
67.03%), with 46 ewes being scrapie positive
and 15 animals scrapie negative.
4. DISCUSSION
Scrapie and VM are worldwide ovine dis-
eases with a relative high prevalence in some
geographical areas. Scrapie and VM are repre-
sentative models for diseases caused by prions
and lentiviruses, respectively. Whether the pres-
ence of one disease affects the time of onset of
the other has not yet been fully studied.
Chronic inﬂammations can lead to PrP
Sc
deposition in the affected organs both in experi-
mental conditions in mice and sheep
2 [20, 44]
and in natural infections in sheep [6, 25, 27].
Moreover, the incubation period for TSE
decreases if there is a previous or concurrent
inﬂammatory process such as enteritis and
encephalitis [13, 48]. The inﬂammatory process
Table III. Classiﬁcation of the 91 sheep included in this work per risk group (as deﬁned by the National
Scrapie Plan [11]) and scrapie and VM status.
Risk group
(R)
Genotype Sc/VM Sc/VM+ Sc+/VM Sc+/VM+ Total
With VMV
LFH
Without VMV
LFH
R2 ARR/ARQ 1 9 0 0 0 10 (11)
R3 AHQ/ARQ 2 1 0 0 0 3 (3.3)
R3 ARH/ARH 0 1 0 0 0 1 (1.1)
R3 ARH/ARQ 0 4 0 1 1 6 (6.6)
R3 ARQ/ARQ 7 8 24 13 9 61 (67)
R4 ARR/VRQ 0 1 0 0 0 1 (1.1)
R5 ARQ/VRQ 0 2 4 0 1 7 (7.7)
R5 VRQ/VRQ 0 0 2 0 0 2 (2.2)
Total 10 (10.9) 26 (28.6) 30 (33.0) 14 (15.4) 11 (12.1) 91 (100.00)
2 Ligios C., Sigurdson C., Carta A., Carcassola M.,
Cancedda M.G., Madau L., et al., PrP
Sc deposits in
lungs and mammary glands in sheep experimen-
tally coinfected with scrapie and maedi-visna virus,
Neuroprion 2006, Torino, 2006, p. 261.
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lation of PrP
C that favors gut-associated lym-
phoid tissue invasion by PrP
Sc and lymphatic
dissemination of the scrapie agent [48]. In the
CNS, the inﬂammatory reaction produces
activated infected immune cells that inﬁltrate
thetissueandfacilitatetheprocessofPrP
Scneur-
oinvasion[13].Actually,in vitrosmall-ruminant
lentivirus infection in microglial cells enhances
PrP
C conversion to PrP
Sc [50]. The global inter-
pretationofthemainresultsobtainedinthepres-
ent work (Tab. II) indicates that the presence of
VMV-relatedlesionsinnon-scrapietargetorgans
(lung and mammary gland) can favor PrP
Sc
depositionwithinthehyperplasiclymphoidfolli-
cles induced by the lentivirus. The presence of
PrP
Sc in non-target tissues seems to be preceded
byPrP
Scdepositionintheassociatedlymphnode
(mediastinalormammary)sincenocaseshowed
PrP
Sc in the lung and/or the mammary gland
without PrP
Sc in the corresponding lymph node.
Likely, both PrP
Sc lymphoinvasion in the lymph
node and VM lesions in the organ must be pres-
ent for the detection of PrP
Sc in that organ. The
presence of PrP
Sc in LRS does not have any rel-
evant clinical or pathological features but the
lymphoinvasion is usually the previous phase
to the neuroinvasion and the appearance of clin-
ical signs [53]. However, lymphoinvasion is not
alwaysaprerequisite:inARQ/ARQSardasheep
thereisneuroinvasioninpreclinicalanimalswith
lack of deposition of PrP
Sc in the LRS [28]. In
this work, IHC and WB techniques have been
used as reference techniques since they are ofﬁ-
cial conﬁrmation tests for the OIE, whereas
ELISA have been used for studying their perfor-
manceintissuesotherthanthe CNS andLRS. If
IHC and/or WB were positive, the animal was
classiﬁedaspositive,independentlyoftheresults
obtained by the two ELISA used.
In this study, 10 of 13 PrP
Sc positive lungs
and mammary glands were positive for VMV
by PCR, pointing out the possible role of
VMV in up-regulating the PrP conversion
[50] or spread in body tissues. PCR positive
results may have been underestimated, since,
VMV provirus detected by PCR was found
only in about half the number of organs with
VMV-related lesions. Possibly, the presence of
the virus in the VMV-related lesions was not
constant, the sample obtained did not contain
provirus or the primer sequence was inadequate
for a mutated proviral DNA template in the ani-
mal tissue under study. VMV proviral
sequences may have been detected by PCR in
the blood but unfortunately blood was not avail-
able from any of the sheep studied.
Inscrapie,boththe lungandmammarygland
areclassiﬁedas‘‘Lowerinfectivitytissues’’shar-
ing the same category aslymphoreticular organs
such as the spleen, tonsil and lymph nodes
3.
Regardingthelung,neitherthepresenceofPrP
Sc
nor infectivity has been proven so far. In the
mammary gland, PrP
Sc has been found only
whenthereisaconcurrentinﬂammatoryprocess,
but infectivity has not been detected
3.H e r e ,w e
demonstrate the presence of PrP
Sc in the lung
with VMV-related lesions. The PrP
Sc presence
in the lung and mammary gland does not seem
to have any additional pathological role in these
organsbutitcouldmodifytheepidemiologyand/
ortransmissionofscrapiebyincreasinginfectiv-
ity of these tissues and – for the mammary
gland – by increasing the possibility of infection
of the lambs through scrapie infected colostrum/
milk. Recently, it has been demonstrated that
milk from naturally-infected scrapie sheep with-
out mastitis and with no PrP
Sc in the mammary
glandisinfectiveformiceinexperimentalcondi-
tions [25]. Furthermore, PrP
Sc has been ampli-
ﬁed by PMCA in milk from clinically normal
scrapie-exposed sheep [31]. Recent work has
also shown that lambs fed with milk from
experimentally co-infected scrapie-VMV ewes
develop scrapie clinical signs faster than lambs
fed with milk from only scrapie experimen-
tally-infected sheep, indicating that VMV could
play an important role in scrapie transmission
4.
3 WHO Guidelines on tissue infectivity distribution
in transmissible spongiform encephalopathies
[on line] (2007) http://www.who.int/biologicals/
BS 2078 TSE.pdf [consulted 20 January 2010].
4 Ligios C., Cancedda G.M., Carta A., Santucciu
C., Maestrale C., Demontis F., et al., Prion infec-
tivity in milk from ARQ/ARQ sheep experimen-
tally infected with scrapie and MAEDI-VISNA
virus, Neuroprion 2009, Thessaloniki-Chalkidiki,
2009, p. 118.
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induced inﬂammatory process in the CNS. This
ﬁnding agrees with previous observations indi-
cating that the nervous form of VM is almost
absent from the Rasa Aragonesa breed
5 and
as a consequence, we can not draw any conclu-
sion about the putative interaction between
scrapie and VMV at the CNS level. However,
this form is frequently observed in other regions
of Spain [4]. This difference may be explained
by genetic strain variability, breed genetic back-
ground or factors related with the rearing sys-
tem. There is a report on a single case of
concomitant non-suppurative encephalitis and
Nor98-like atypical scrapie without PrP
Sc
deposits in the ectopic lymphoproliferative pro-
cess, which is explained by lymphotropism dif-
ferences between prion strains [54].
Mean age results show that scrapie-affected
sheep either infected or not infected with VM
had signiﬁcantly lower age at the time of death
when compared with the non-scrapie-affected
sheep. This difference may be related to the
genetic make up of scrapie. Moreover, the
results between the Sc+ groups show that VM
infection or the development of LFH induced
by VM do not inﬂuence the course of scrapie
infection. Additionally, clinical status of scrapie
positive animals at the time of death is similar
independently from VMV status. To our under-
standing, these results indicate that neither
VMV infection nor the presence of VMV-
induced lesions affect the course of scrapie
infection. Overall, these observations were in
agreement with previous work on experimen-
tally scrapie-VMV coinfected animals, where
theclinicalevolutionofscrapiewasindependent
of VM infection in spite of the development of
VMV-related lesions in the lung and mammary
gland
2. In addition, PRNP genotype frequencies
among the 91 sheep included in this work were
in agreement with those previously-reported in
Rasa Aragonesa breed, where scrapie-affected
sheep had only genotypes belonging to groups
R 3 ,R 4o rR 5[ 1]. The ARQ/ARQ genotype
was the most relevant genotype among scrapie
affected sheep (75.4%) as previously described
[1]; these results were in agreement with other
reports indicating that VRQ and ARQ are the
mostsusceptiblehaplotypesforscrapieinfection
[3]. Therefore, the presence of VM infection
does not seem to inﬂuence the speciﬁc pheno-
types affected by scrapie.
The pathogenesis associated to PrP
Sc deposi-
tion is not completely understood but recruit-
ment of lymphoid cells in the inﬂamed organs
enables prion replication in atypical places by
the up-regulation of lymphotoxin-a produced
by B lymphocytes and an ectopic induction of
lymphotoxin-a receptor by the FDC-M1+
expressingnormalprionprotein[20]. Moreover,
PrP
C expression is increased in some inﬂamma-
tory processes such as inclusion-body myositis,
inﬂammatory myophathies and skin tumoral or
inﬂammatory diseases [37, 43, 55], possibly
due to the role of PrP
Cin general stress-response
[24]. This increase of PrP
C can favor the extra-
neural conversion of PrP
C to PrP
Sc [23]. Inﬂam-
mations caused by some viruses like small
ruminant lentiviruses, human adenovirus 5 and
vesicular stomatitis virus may increase local
PrP
C expression [7, 29, 50]. Altogether, it is rea-
sonable to expect the presence of PrP
Sc in
organs/tissues not previously regarded as targets
for scrapie but being targets for other pathogens
such as VMV, making the study of VM-scrapie
coinfected animals relevant for the understand-
ing of the pathogenesis of both diseases.
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